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© Disc drive isolation system. 

;© A disc drive isolation system includes an environment 
control enclosure (10) and a disc drive isolation module (36). A 
thermo-electric heat pump (14) is mounted to the enclosure 
(10) for cooling the interior of the enclosure and a fan (31) 
circulates air within the enclosure. A humidity sensor (33) con- 
trols the heat pump (14) and the fan (31) in response to the 
sensed humidity of the interior air. First and second tem- 
perature sensors (TS-3, TS-4) control the heat pump (14) and 
the disc drive (41), respectively. The isolation module (36) is 
disposed in the enclosure (10) and has an outer body (38) and 
an inner body (40) supported within the outer body (38) with 
the disc drive (41) mounted within the inner body (40). The 
mounting of the inner body (40) within the outer body (38) 
Requesters the disc drive (41 ) against vibration and shock app- 
lied to the outer body. This arrangement enables almost any 
disc drive to be operated in an industrial environment inde- 
pendent of the temperature, humidity, cleanliness, shock and 
vibration characteristics of the envir nment. 
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DISC DRIVE ISOLATION SYSTEM 
Backgro und Of The Invention 

This invention relates to mounting enclosures for 
disc drive computer memory devices. 

Disc drive memory devices usually have a storage 
medium and a read/write head to read from or write on the 
storage medium. The storage medium may be in the form of 
a disc or drum and may be rotationally driven a+ high 
speeds. The read/write head must write or read data to 
or from the medium at a particular position on ihe medium 
Also, in some disc drive devices the read/write head is 
spaced closely to the medium, which may be rotating at a 
high speed. m such devices, contact between the head 
and the medium can destroy the head and the medium and 
result in the perpetual loss of the information stored on 
the medium. 

Factory automation requires the presence of disc 
drive memory devices in industrial environments. Vibra- 
tions and shock abound in industrial environments which 
can result in the destruction of the head, the medium and 
the loss of the information on the medium. It can also 
cause read/write errors which result in the malfunction 
of machines controlled by the information from the disc 
drive. Also, the air can be less than pure and also may 
be too hot, too cold or too humid for the disc drive to 
operate. For the reliable and effici nt op ration of 
disc drives in industrial environments, a need exists f r 
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an nclosure for a disc driv to eh Iter the disc driv 
from the exterior nvironment. 

Summary Of The Invention 

The invention provides a disc drive isolation system 
5 for protecting a disc drive in an industrial environment. 
A disc drive isolation system of the invention includes 
an environment control enclosure and a disc drive isolation 
module. The disc drive is mounted within the module and 
is sequestered therein from vibrations and shocks applied 

10 to the exterior of the module and the module is received 

within the interior of the enclosure. A heat pump includ- 
ing a solid state thermo-electric element is mounted to 
the enclosure for cooling the interior of the enclosure 
in and around the disc drive. First temperature sensing 

15 means are mounted to the disc drive to control the heat 
pump and second temperature sensing means are mounted to 
the disc drive to control the disc drive. Humidity 
sensing means within the enclosure control the heat pump 
in response to the sensed humidity of the interior air. 

20 Highly reliable operation of the disc drive is thus 
assured as it does not depend upon the temperature, 
humidity, or cleanliness of the industrial environment in 
which it is used and is not affected by shocks and vibra- 
tions to which the enclosure is subjected. 

25 In another aspect of the invention, the disc drive 

isolation module comprises a structurally rigid outer 
body defining an inner space. A structurally rigid inner 
body of symmetrical shape is smaller than the outer body 
and fits within the inner space defined by the outer 

30 body. The inner body is supported within the outer body 
by sets of biasing means to have three translational 
degrees of freedom and three rotational degrees of freedom. 
The disc drive is rigidly mounted within the inner body 
so that it is subj cted to th shocks and vibrations that 

35 the inner body experiences. The translational displacement 
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of th inn r body within the ut r body is at least 
.89 mm (.035 inches) in all dir ctions to protect th 
disc drive against high amplitude, low frequency vibration 
and shock which is common in industrial environments. 
5 The inner body is symmetrical to equalize inertial moments 
about the rotational axes. This arrangement isolates the 
disc drive from shock and vibration which could otherwise 
cause read/write errors or damage to the disc drive. 

In an especially useful embodiment, first biasing 
10 means comprising a pair of extension springs are connected 
between the top sides of the inner and outer bodies to 
suspend the inner body within the outer body and second 
biasing means comprising a pair of compression springs 
are connected between the bottom sides of the inner and 
15 outer bodies for supporting the inner body within the 

outer body. Damping means are disposed between the inner 
and outer bodies on the top, bottom, left, right, front 
and rear sides of the inner and outer bodies, each said 
damping means terminating short of spanning the inner and 
20 outer bodies to permit the reguired displacement of the 
inner body. The springs of the first biasing means are 
diagonally opposed from the springs of the second biasing 
means to eliminate bobbing effects of the inner body. 
The damping means absorb higher level shocks that cause 
25 the inner module to exceed the permitted displacement. 

In another aspect, each of the inner and outer 
bodies of the disc drive isolation module is made up of 
six identical plates which are fastened together to form 
either the inner or the outer body. Each plate has a 
30 flat rectangular inner portion, two pairs of first ears 

and two pairs of second ears. The ears are symmetrically 
disposed along the edges of the rectangular portion with 
each pair of first ears being opposite from the other 
pair of first ears and with ach pair of s cond ears 
35 opposite from th oth r pair of second ears. Each ear 
has an outer and an inner hoi with the center of each 
hoi lying on a line which xtends through the cent rs of 
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the holes in the opposite ar. Th ars of adjacent 
plates are fasten d tog th r to form ither the inner or 
the outer body, depending upon which holes in the ears 
are used. 

It is therefore a primary object of the invention to 
provide a disc drive isolation system which enables a 
disc drive to operate in an industrial environment* 

It is another object of the invention to provide a 
disc drive isolation system to eliminate temperature, 
humidity, shock and vibration variables to which a disc 
drive is subjected in an individual environment. 

It is another object of the invention to provide a 
disc drive isolation module for sequestering almost any 
disc drive from vibration and shock applied to the exterior 
of the module. 

It is another object of the invention to provide a 
disc drive isolation module which can be easily and 
inexpensively provided. 

It is another object of the invention to provide a 
disc drive isolation system which results in the highly 
reliable operation of a disc drive in the industrial 
environment . 

These and other objects and advantages of the inven- 
tion will become clear from the following detailed descrip- 
tion and from the drawings. 

Description of the Drawings 

Fig. 1 is a front perspective view of a disc drive 
isolation system of the invention; 

Fig. 2 is a perspective view of the system of Fig. 1 
as viewed from the rear; 

Fig. 3 is a perspective view similar to Fig. 1 with 
the door of the system removed; 

Fig. 4 is a fragmentary front plan vi w of the 
system with the door removed; 
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Fig. 5 is a aid plan view partially in section of 
the disc driv isolation system; 

Fig. 6 is a p rsp ctiv vi w of a disc drive isola- 
tion module for the disc drive isolation system; 
5 Fig. 7 is a front plan view partially in section of 

the disc drive isolation module of Fig. 6 illustrating q 
front pair of pads in phantom; 

Fig. 8 is an exploded perspective view of a portion 
of the disc drive isolation module of Fig. 6; 
10 Fig. 9 is a plan view of a plate used to make the 

disc drive isolation module of Fig* 6; 

Fig. 10 is a side plan view of the plate of Fig. 9; 

Fig. 11 is a sectional view taken along the plane of 
the line 11-11 of Fig. 9; 
15 Fig. 12 is a graph comparing the results of testing 

a disc drive alone and testing it within the disc drive 
isolation module of Fig. 6; 

Fig. 13 is a sectional view of a means for mounting 
a heat pump to an enclosure of the disc drive isolation 
.20 system; 

Fig. 14 is a control circuit for the heating and 
cooling means for the disc drive isolation system; and 

Fig. 15 is a schematic view of a cpntrol circuit for 
the disc drive isolation system to control the disc 
25 drive. 

Detailed Description Of The Preferred Embodiment 

Figs. 1 and 2 illustrate a disc drive isolation 
system 8 which includes an enclosure 10. The exterior of 
the enclosure 10 is formed by a sheet metal chassis 12 

30 along the top, bottom, sides and rear, a heat pump 14 at 
the upper rear corner, and a rigid sheet metal door 16 
which is secured to the front. Data cables 18 and 19 and 
a pow r cabl 20 enter th bottom 6f the nclosure. The 
chassis 12 has flang s 22 for mounting th nclosure t a 

35 wall or in a control rack. An optional faceplate 23, 
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Fig. 5, may be provid d ov r the door for decorative or 
informational purposes and it may also b desirable to 
provide a bank of indicator lights 24 at the front of the 
enclosure . 

Fig. 3 illustrates the enclosure 10 with the door 16 
removed. A thermal insulation material 26, such as that 
sold under the trade designation Dow Ethafoam 220, lines 
the inside of the chassis 12 and of the door 16 (Fig. 5). 
A baffle plate 27 spans the upper portion of the chassis 
and is mounted with fasteners 28 to the side walls and 
top of the chassis 12. A pair of terminal blocks 29 and 
30, a fan 31 and a humidistat 33 are mounted on the 
baffle plate 27. These devices are connected, along with 
others, in an environment control circuit which will be 
further described below. 

The lower portion of the chassis 12 forms a cavity 
34 in which is disposed a disc drive isolation module 36 
which, together with the enclosure 10, makes up the 
isolation system 8. Referring particularly to Figs. 4 
and 5, the 3 disc drive isolation module 36 is wedged 
between the foam insulation 26 in the cavity 34 to keep 
it stationary relative to the enclosure 10. However, th 
module 36 need not be wedged in the cavity in operation. 
In fact, as will become apparent below, the disc drive 
isolation module 36 performs its function of protecting 
the disc drive from shocks and vibrations whether it is 
mounted in the enclosure 10 or not. 

Figs. 6 and 7 show the disc drive isolation module 
36 removed from the enclosure 10. The module 36 is of 
generally hexahedron shape and includes an outer body 38 
which defines an inner space in which an inner body 40 is 
mounted. A disc drive 41 is mounted within the inner 
body 40 by being bolted or otherwise rigidly secured to a 
tray 42 which spans the interior of the inner body and 
which is fastened to the sides of the inner body. The 
disc drive therefore is subjected to the same shocks and 
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vibrations that the inner body 40 xperi nc s. Pref rably, 
th c nt r of gravity of th disc drlv 41 1b as close as 
possible to th c nter of th inner body 40. 

The inner body 40 is mounted approximately concentric 
5 with the outer body 38 so that it is out of direct contact 
with the outer body 38 and is isolated from the vibrations 
and shocks to which the outer body 38 is subjected. The 
inner body 40 has six degrees of freedom within the outer 
body 38, three translational degrees of freedom in ortho- 

10 gonal directions and three rotational degrees of freedom 
about orthogonal axes, so that it can rotate or translate 
in any direction. This mounting is achieved in the 
preferred embodiment by suspending the inner body 40 from 
the top of the outer body 38 with a biasing means and 

15 supporting it from the bottom with another biasing means. 
The top biasing means is a pair of conical springs 43 and 
the bottom biasing means is another pair of conical 
springs 44. Since the top springs 43 are in tension and 
the bottom springs 44 are in compression, the springs 43 

20 and 44 are different from one another, being chosen to 

center the inner body within the outer body as closely as 
practical. Since the springs 43 and 44 are conical, they 
have non-linear stiffness characteristics to provide good 
dynamic vibration characteristics over a broad range of 

25 frequencies. Also, the conical configuration is more 
stable radially than a cylindrical spring. 

The springs 43 and 44 are arranged so that they are 
diagonally opposed from top to bottom. That is, as 
viewed in Fig. 7, the top springs are positioned at the 

30 right front and at the left rear corners and the bottom 

springs are positioned at the left front and at the right 
rear corners. This diagonally opposed from top to bottom 
arrangement is also illustrated in Fig. 8. Since the 
inner body is symmetrical, this arrangement results in 

35 th inner body being properly ori nt d within the outer 
body with only four springs. It also r duces H bobbing fl 
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of th inner body 40 within the out r body 38 which can 
occur with other spring arrang ments, such as if all four 
springs were on the top or bottom. 

While the springs 43 and 44 function to isolate the 
5 inner body 40 from vibration and low level shock, dampen* 
ing means are provided between the outer and inner bodies 
to absorb higher level shocks. The dampening means in 
the preferred embodiment is a pair of wedding cake- shaped 
foam pads 46 adhesively or otherwise mounted on the 

10 inside of each of the horizontal or vertical sides of the 
outer body (a total of 12 pads). The varying cross- 
sectional shape of the pads imparts non- linear force/ 
compression characteristics to the pads so that they 
become progressively stiffer as they are compressed to 

15 resist direct contact between the inner and outer bodies 
for large shocks and yet provide a gradual dampening for 
smaller shocks. The material of the dampening means 46 
has a relatively long response time, so that it is a good 
dampener for infrequent shocks. A material found suitable 

20 in practice is sold under the trade designation Material 
No. C-3001-25 PSA by Cabot Corporation, E.A.R. Division, 
Indianapolis, Indiana. Using this material, the response 
time of the dampening means from near full compression is 
about two minutes. 

25 Each pad 46 in the preferred embodiment terminates 

short of spanning the inner and outer bodies by about 
6.35 mm (0.25 in.). Like the springs 43 and 44, each 
pair of pads 46 is diagonally opposed from the opposite 
pair of pads. This provides sufficient high level shock 

30 protection with a minimum number of pads. 

The spacing between the ends of the pads 46 and the 
inner body 40 is important. The spacing permits a suffi- 
cient displacement of the inner body 40 within the outer 
body 38 as the outer body 38 is subj cted to relativ ly 

35 high amplitude, low frequency vibration to bring th 

accel ration fore s to which the inner body 38 is subject- 
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d d wn to acceptabl 1 vela. This high amplitude, low 
frequency vibration is common in industrial envir nments 
and is not acceptable for the operation of many disc 
drives. The spacing between the ends of the padB 46 and 
5 the inner body 40 should be at least .89 mm (.035 in.) to 
allow a sufficient displacement to isolate the disc drive 
from this type of vibration. 

It is also important that the inner body be symmetri- 
cal. This not only helps center and orient the inner 

10 body 40 within the outer body 38 as mentioned above, but 
it also equalizes inertial moments about the rotational 
axes to which the module is subjected. 

The outer and inner bodies 38 and 40 are of generally 
the same hexahedron shape, with the inner body 40 being 

15 smaller than the outer body 38. The construction of the 
outer and inner bodies 38 and 40 in the preferred embodi- 
ment is particularly advantageous because it can be 
easily and inexpensively provided. This is because both 
the outer body 38 and the inner body 40 are each made up 

20 of six identical plates 49, one of which is shown in 
Figs. 9 and 10. 

Each plate 49 is preferably stamped from sheet 
aluminum. The plate 49 has a fiat rectangular inner 
portion 50 and two pairs of ears 51, each pair being 

25 opposite from the other, and two pairs of ears 53, with 

each pair being opposite from the other. The ears 51 and 
53 are symmetrically disposed along the edges of the 
rectangular portion 50 and are all formed in the same 
direction at about a 45° angle to the rectangular portion 

30 50. The only difference between the ears 51 and the ears 
53 is that each ear 51 is provided with inner 55 and 
outer 56 holes which are round, and each ear 53 is provided 
with inner 59 and outer 60 holes which are oblong. The 
centers of the holes in each ear are along a line which 

35 extends through the c nters of th hoi s in the opposite 
ear. 
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Referring to Figs. 6, 7 and 8, six plat b 49 ar 
assembl d to provide either the inner body 40 or the 
outer body 38 with the ears 53 always overlapping th 
ears 51. Therefore, the oblong holes 59 and 60 are 
5 always on the outside, and the round holes 55 and 56 are 

always on the inside. When all of the panels are assembled 
together, fasteners 62 are inserted through one of the 
oblong holes and screwed into one of the round holes of 
each respective ear 53 and 51 to secure the plates 49 
10 together. If the smaller inner body 40 is being assembled, 
the fasteners are inserted through the oblong hole 59 and 
screwed into the round hole 55 of each respective ear 53 
and 51. If the larger outer body 38 is being assembled, 
the oblong hole 60 and the round hole 56 of each respec- 
15 tive ear 53 and 51 are used. 

Each plate 49 is stamped to provide means for mount- 
ing the springs 43 and 44 to the inner and outer bodies 
40 and 38, respectively. Four tabs 63 are formed in a 
circular pattern in diagonally opposite corners of the 
20 rectangular portion 50. Referring to Fig. 11, each tab 
63 forms a space 64 between itself and the inner surface 
of the plate 49. A hole 65 is formed concentric with the 
circular pattern of the tabs 63. Smaller holes 67 are 
formed at the other two corners of a rectangular pattern 
25 defined by the holes 65 and 67 and four holes 68 are 
formed intermediate the holes 65 and 67. 

Referring to Figs. 4, 5 and 7, two of the holes 68 
in each of the plates 49 on the left and right sides of 
the inner body 40 are used to mount the disc drive support- 
30 ing tray 42 with fasteners 69. With the inner body 

completely assembled, the springs 43 and 44 are loosely 
assembled to the top and bottom plates 49, respectively, 
by inserting a fastener with a suitably large head through 
the small end of the spring and screwing the fast ner 
35 into one of the holes 67. An annular PVC pad 72 is 

preferably placed between the small nd of each spring 43 



-11- 



021 0497 



and 44 and the reap ctiv t p or bott a plate 49 to 
reduce friction betwe n th end f the spring and th 
plate. 

The inn r body 40 with th springs 42 and 43 loosely 
attached is then placed inside the outer body 38, which 
of course, must be done before the outer body is'completely 
assembled. The inner body 40 is placed within the outer 
body 38 with the large end of the springs 42 and 43 
adjacent to the tabs 63. The assembly of the outer body 
38 is then completed. Since the springs are only loosely 
attached to the inner body, each spring can be rotated to 
thread its leading coil through the spaces 64 to be 
captured by the tabs 63. A PVC pad 71 to reduce friction 
is also preferably placed between the large end of each 
spring and the outer body. A screw driver is then inserted 
through the holes 65 to tighten the fasteners against the 
small ends of the springs. 

Tests were performed subjecting the module 36 to 
shock and vibration loads. The disc drive 41 tested with 
the module 36 was a 51.9 M byte Winchester technology 
head disc assembly. The disc drive tested had a housing 
which enclosed a read/write mechanism. The sensor was 
secured directly to the read/write mechanism for each 
test. The plates 49 used were made from about 1.5 mm 
(.060 inch) thick aluminum and were about 22.5 cm (8.9 
inches) square. The top springs 43 were made from 1.777 
mm (.070 inch) diameter music wire with a 2.386 mm (.094 
inch) pitch and an overall length of 19.036 mm (.750 
inch). The bottom springs 44 were made from 2.030 mm 
(.080 inch) diameter music wire with a pitch of 4.365 mm 
(.172 inch) and an overall length of 34.898 mm (1.375 
inches). Both springs had eight coils with the small end 
coil ground flat and the coil diameter ranging from 7.208 
mm (.284 inch) to 45.051 mm (1.775 inches) in increments 
of 5.406 mm (.213 inch). 
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To test the disc driv alone / th housing of the 
disc drive was bolted to a vibration table to be vibrated 
along an axis parallel to the width of the disc drive 
(from left to right as viewed in Fig. 4). The vibration 
5 input to the housing was .152 mm (.006 inch) peak to peak 
amplitude from 5 to 40 Hz and 0.5 G from 40-2000 Hz. 
Tracing A in Fig- 12 illustrates the results. Tracing A 
shows that the read/write mechanism resonates at about 30 
Hz, with an amplitude of about .761 mm (.030 inch) and an 

10 acceleration of about 1.5 G. Also note that since most 
electric motors run at 3600 rpm # which is a multiple of 
30 Hz, 30 Hz is a fairly common frequency in industrial 
envi ronment s . 

Tracing B shows the results of mounting the disc 

15 drive in the isolation module 36 and bolting the outer 
body 38 to the vibration table. The test was conducted 
for the same input amplitude as above from 5-40 Hz but 
the input was doubled to 1.0 G from 40-2000 Hz. The 
resonance at 30 Hz was completely eliminated and, even 

20 though the input from 40-2000 Hz was doubled, there were 
no objectionable vibrations experienced by the read/write 
mechani sm. 

The module was also tested for high level shock 
isolation. Again, the disc drive was tested alone and 

25 then mounted in the module to compare the results. A 

15 G input applied over a period of 11 msec was applied 
along a direction parallel to the width of the disc 
drive. For the input applied directly to the disc drive 
housing, a sensor mounted on the read/write mechanism 

30 indicated an acceleration of about 80-100 G. When the 

disc drive was mounted in the module 36 and the input was 
applied to the outer body 38, this 80-100 G was reduced 
to about 2-3 G. Note that allowing a displacement of the 
inner body of at least .89 mm (.035 in.) enables the 

35 input to exceed 15 G if applied over 11 msec or longer. 
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As indicated by thes results, th disc drive isola- 
tion modul 36 dramatically att nuat s the shocks and 
vibrations to which a diBC drive within it is subjected. 
In an industrial environment, the attenuation afforded by 
the module can mean the difference between catastrophic 
destruction of the disc drive or read/write errors and a 
smoothly running automated machine or assembly line. 

The module 36 is a unit and as such performs its 
function whether or not it is mounted in the enclosure 
10. The module 36 is mounted in the enclosure 10 for 
reasons apart from isolating the disc drive from external 
shocks and vibrations. A factory may be too hot, too 
cold, too dirty or too humid for the proper operation of 
the disc drive. The enclosure 10 therefore provides a 
controlled temperature and humidity chamber for the disc 
drive to operate in. 

The heat pump 14 and a pair of temperature sensors 
TS-1 and TS-2, mounted to the left side of the disc drive 
housing as shown in Fig. 4, make up part of the means for 
controlling the temperature inside the enclosure 10. The 
heat pump 14 of the preferred embodiment includes a 
thermo-electric element 73 commercially available from 
Thermo-Electric Cooling America Company,. Chicago, Illinois, 
under the trade designation Model No. AHP 1000. The 
thermo-electric element 73 is a solid state active heat 
exchanger having no moving parts so that the temperature 
control system of the enclosure 10 is extremely reliable. 
The thermo-electric element 73 also makes the heat pump 
14 simple to incorporate into the system 8, easy to mount 
and of low weight. 

Referring to Fig. 5, the heat pump 14 has an upper 
and a lower flange 75. Three threaded studs 76 are 
welded to and are spaced along each flange 75 for securing 
th heat pump 14 to the chassis 12. A fast ning arrange- 
ment as shown in Fig. 13 is preferr d to reduc the 
transmission of vibrations from th heat pump 14 to the 
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chassiB 12 and t seal th interior of the chassiB 12 
from the leakage f air around the studs 76. A waBher 
77, a neoprene gasket 78, a flange 79 of a sleeve 80 made 
from a vibration absorbing material, and another neoprene 
gasket 81 are sandwiched between the flange 75 and the 
chassis 12 around each stud 76. 

The sleeve 80 and stud 76 extend through a hole in 
the chassis, with a smooth metal sleeve 83 threaded onto 
the stud 76 to prevent wear of the sleeve 80 by the 
threads of the stud. An annular element 84 of vibration 
absorbing material surrounds the sleeve 80, a neoprene 
gasket 85 abuts the end of the sleeve 80 and closely 
surrounds the sleeve 83, and a washer 86 abuts the end of 
the sleeve 83 and surrounds each stud 76 on the inside of 
the chassis 12. A nut 88 is threaded onto the end of 
each stud to clamp the sleeve 83 between the washer 86 
and the flange 75 with the sleeve 80 and element 84 in 
compression. A sleeve 80 and element 84 found suitable 
in practice is commercially available from Cabot Corpora- 
tion, E.A.R. Division, Indianapolis, Indiana and is made 
from material designated C-1100 by Cabot Corporation. 

Referring again to Fig. 5, the thermo-electric 
element 73 has a cold side 90 having heat transfer fins 
91 inside the enclosure 10 and a hot side 93 having heat 
transfer fins 94 outside the enclosure 10. The cold side 
90 extends through an opening in the chassis 12 which is 
slightly larger than the cold side and a neoprene gasket 
97 surrounds the thermo-electric element 73 between the 
chassis 12 and the hot side 93 to prevent air leakage 
around the sides of the element 73. Heat absorbed at the 
cold side 90 is pumped to the hot side 93 at a rate 
proportional to the current passing through the element 
73. In addition to the thermo-electric element 73, the 
heat pump 14 may include a fan 98 behind grates 99 (Fig. 
2) which blows relatively cool ambient air over the hot 
side fins 94 to expel the heat to the environment. Slots 



15 



0210497 



10 



100 (Figs. 1-3) ar formed in the side valle f the 
chassiu 12 adjacent to th ends f the fine 94 to allow 
for the exit of warmed air from the fins 94. 

The fan 31 blows air into the apace behind the 
baffle plate 27 onto the cold aide fins 91. The fins 91 
are not as long as the interior of the enclosure 10 is 
wide so that cooled air can escape past the ends of the 
fins 91 and flow down into the cavity 34. -The construc- 
tion of the module 36 is open, that is, the" ears 51 and 
53 form open spaces between them. The cool air circulates 
through the open spaces into the interior of the inner 
body 40 to cool the disc drive 41. In operation, the 
disc drive expels about 33-35 watts of power which warms 
the air as it passes by the disc drive. The air warmed 
15 by the disc drive is then sucked up into the fan 31 to be 
recirculated through the enclosure. 

When the disc drive is operating with the enclosure 
in ambient temperatures cooling will usually be required. 
However, in some applications it may be necessary to 
pre-warm the interior of the enclosure 10 before the disc 
drive can be started. For this purpose, the heat pump 14 
also includes a 100 watt cartridge heater 103 which is 
embedded in the central portion of the cold side fins 91. 

The element 73 and cartridge heater 103 are controlled 
25 by the temperature sensors TS-1 and TS-2. The sensors 
TS-1 and TS-2 sense the temperature of and around the 
disc drive housing to open or close a circuit connected 
to the element 73 and heater 103. In the preferred 
embodiment, TS-1 and TS-2 are bimetal-type switches. 
30 Sensor TS-1 controls the element 73. Below about 

40°C (104°F) the sensor TS-1 will be open so that the 
element 73 will be off. However, neither TS-1 nor TS-2 
controls the fans 31 and 98, which are normally on. As 
the temperature within the enclosure 10 rises past about 
35 40°C (104 F), due for exampl to the heat generated by 

operating the disc drive, sensor TS-1 will close to turn 
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the element 73 on to begin cooling the interior of the 
enclosur 10. Ther is a differential of about 11°C 
(20 F) b tween the t mp rature at which th sensor TS-1 
closeB and the temperature at which it opens. The element 
73 will therefore continue to cool the interior of the 
enclosure 10 until TS-1 senses a temperature of about 
29°C (84°F). 

Sensor TS-2 controls the heater 103. Above about 
22°C (72 e F), sensor TS-2 is open so that the heater 102 
is off. As the temperature falls below about 22°C / TS-2 
is closed so that the heater 103 will heat the interior 
of the enclosure 103. As the temperature rises past 
about 22°C (72°F) / TS-2 will open to shut off the heater 
103. With a normal ambient temperature, the temperature 
in the enclosure 10 will continue to rise due to the heat 
generated by the disc drive until the element 73 turns on 
to cool the enclosure. However, if after the cartridge 
heater turns off the temperature in the enclosure falls, 
the cartridge heater would not turn back on until somewhat 
below about 22 °C due to the differential of TS-2. The 
differential of TS-2 in the preferred embodiment is about 
3°C (6°F) so that the heater 103 would turn back on at 
about 19°C (66°F). 

Another pair of temperature sensors TS-3 and TS-4 
are mounted on the right side of the disc drive housing 
as best shown in Fig. 5. The sensors TS-3 and TS-4 set 
upper and lower limits on the operating temperature of 
the disc drive 41. If the sensed temperature is too high 
or too low, the disc drive motor will automatically be 
turned off by the sensors TS-3 and and TS-4. Like TS-1 
and TS-2, TS-3 and TS-4 are bimetal switches in the 
preferred embodiment. 

Sensor TS-3 determines the upper limit of the range 
of acceptable operating temperatures for the disc drive 
41. As th temperature sensed by TS-3 rises past about 
55°C (131°F), TS-3 opens ther by cutting off power to the 
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about 3°C (6°F) *****«x-«»*ial of 

5 Sensor TS ~ 4 determines the lower limit of -x 

of acceptable ooer a t^„ * ran ^ 
^ ««ie operating temperatures tor- ^ . 

«■ Beiov about as . c (59 . F)> Bensor 

shut off the power to the disc „ rlve »oto r L L 
temperature in the enclo6ure rlM 

10 closes to proVi ae power to the disc drive „otor If ~ 

some reason the +*n,r^ tor - lf for 

»-«•. d i«ei t i::^ r "L r :t w :"c d ( ?:: Btart to *•»• 

to re-open u„ til the telpe tu r e r.achedT " 
(53 o F j * ture reached about 12 °C 

15 In summary of the temperature control 

.hot ls -c (59 . F) . no po j lB rinz™ T 

-otor hut the cartridge heater i03 is operawL V\ 
the enclosure. At about 1S»C TS-4 !, ^ *° he " 

Power to the disc drive Jtor'so ^.t L« £ T"' 

0 and the cartridge heater 103 are ^"er^cT 

the temperature or the enclosure IZ' T ^" ^ 
reaches about 22 "C (72 T> T S T' ' 

heater 103 off The diL H tte 

ine disc drive 43 
triav . . * J continues to oDerat*. 

thereby generating heat to rai« *. operate 

5 enclosure Wh en 1 ! the teni P er »ture of the 

<104OF> TS Til caches about 40«C 

' F) ' TS 1 closes to turn the element 73 on ^ 
the temperature inside the enclosure If ll \ 
continues to rise wh«r, <«- ^ temperature 

TS-3 ™ ! reaches about 55°C (131« F ) 

TS-3 opens to turn the disc drive off 

1 . Howev ^ even if the temperature inside the encl« 

as acceptable conrt ,aie enclosure 

p aoie, condensation can form on the disc or- ^ ^ 
which results in damage to the h,«. „ . head 
errn „ „, 9 co diB c drive or read/write 

errors. To prevent condensation, the humidistat 33 
monitors the relative humidity ln the enclosure ^ * 
humidistat 33 opens to turn the ntire t ^ ! 
■m- includin, the fans 31 a nd ^JT^.^- 1 
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humidity rises abov about 80%. Note that it does not 
turn off the disc drive 41. It do s not b cause the h at 
generated by the disc drive reduces the relative humidity 
in the immediate vicinity of the disc drive. This heat 
is particularly effective to reduce the relative humidity 
in the vicinity of the disc drive when the environmental 
control system is not operating as the heat then tends to 
concentrate around the disc drive, thereby lowering the 
relative humidity in that vicinity. Unless the temperature 
of the disc drive rises above about 50°C (122°F) so that 
the sensor TS-3 shuts it off, the heat generated by the 
disc drive will eventually lower the relative humidity 
throughout the interior of the enclosure and the humidistat 
will close to resume power to the environment control 
system. The humidistat 33 used in the preferred embodiment 
was of the type having a nylon element to expand and 
contract to operate a switch. 

A schematic diagram of a circuit 105 to control the 
temperature and humidity as described above is shown in 
Fig. 14. H5 volt line power is admitted to the enclosure 
10 by the power cable 20. A circuit breaker 106 should 
be provided, which is connected between one node of the 
humidistat 33 and line power. The fans 31 and 98 are 
connected in parallel between ground and the other node 
of the humidistat 33. Also connected in parallel between 
ground and the other node of the humidistat 33 are TS-1, 
the element 73 and an LED indicator 108 connected in 
series, and TS-2, the heater 103 and an LED indicator 
109, connected in series. The LED indicators 108 and 109 
are mounted along the front of the enclosure in the bank 
24 to indicate when the element 73 and heater 103, respec- 
tively, are on. 

Fig. 15 illustrates a schematic view of a circuit 
for the out of range temperature control of the disc 
driv 41. A disc drive power supply outsid of the 
enclosure 10 converts line power into 12 VDC and 5 VDC 
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p wer for th disc driv motor and the disc drlv digital 
circuitry, r sp ctiv ly. The 12 and 5 VDC pow r lines 
are introduced into the enclosure 10 by one of the cables 
18 and 19 and the 5 VDC is connected directly to a 5 VDC 
5 input terminal of the disc drive. The sensors TS-3 and 
TS-4 are connected in series between the 12 VDC input 
terminal of the disc drive 41 and the 12 VDC power supply, 
with the disc drive and power supply suitably grounded. 
An LED indicator 111 may also be provided in the bank 24 

10 to indicate when the temperature is in the operating 

range. Note that it may be desirable to provide other 
LED indicators in the bank 24 such as one to indicate 
when the read/write head is actuating. 

All openings in the chassis 12 are sealed to prevent 

15 air leakage into or out of the enclosure 10. A neoprene 
gasket 113 resides between the door 16 and an angle 
flange 115 which circumscribes and is welded to the 
chassis 12 (Fig. 5). Other neoprene gaskets or sealing 
means (not shown) seal the openings for the cables 18 , 19 

20 and 20, and the holes for the fasteners 28 of the baffle 
plate 27. Therefore, the interior of the enclosure is 
completely sealed from any air exchange With the outside 
environment so that the air which is trapped within the 
enclosure 10 when it is assembled remains in the enclosur 

25 10. The humidity of the air that is trapped within the 
enclosure 10 may be controlled by placing a suitable 
dessicant within the enclosure 10. 

The disc drive isolation system fully described 
above enables a disc drive to operate in an industrial 

30 environment. The system can be adapted to protect almost 
any disc drive from shocks and vibrations which it may 
otherwise be subjected to in the industrial environment. 
It also provides a temperature and humidity controlled 
chamber for the disc driv which is extrem ly reliable. 

35 Therefore, op ration of a disc driv in an industrial 

environment is no longer d pendent upon the temperature. 
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humidity, cl anliness or vibration and shock characteristics 
of the industrial environment. 

Various modifications and variations to the pref rred 
embodiment will be apparent to those skilled in the art 

5 which will still embody the invention. For example, the 
invention is not limited to being used with a Winchester 
technology disc drive, although that type of disc drive 
is advantageous for its large memory capacity. Therefore, 
the invention is not intended to be limited to the scope 

O of the preferred embodiment. 
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Claims t 

1. A disc drive Isolation system, comprising : 

a disc drive Isolation module (36) for sequestering 
a disc drive (41) from vibration and shock applied to 
the module; 

an environment control enclosure (10) having an 
interior in which the disc drive isolation module (36) 
is disposed and an exterior, said enclosure including: 

a heat pump (14) mounted to the enclosure (10) 
including a solid state thermo-electric element 
(73) for cooling the interior of the enclosure in 
and around the disc drive (41); 

first temperature sensing means (TS-1) mounted 
to the disc drive for controlling the cooling 
means (73), said first temperature sensing means 
(TS-1) actuating the cooling means (73) when the 
sensed temperature rises above a cooling temperature; 

second temperature sensing means (TS-3, TS-4) 
mounted to the disc drive (41) for controlling the 
disc drive, said second temperature sensing means 
setting an upper limit and a lower limit on the 
range of temperatures within which the disc drive 
will operate, said upper limit being higher and said 
lower limit being lower than the cooling temperature; 

thermal insulation means (26) lining the 
enclosure (10) to resist heat flow to and from the 
interior of the enclosure; 

sealing means (113) to seal the interior from the 
exterior of the enclosure (10) to prevent air leak- 
age; and 

humidity sensing means (33) within the interior 
of the enclosure to control the cooling means (73) 
and fan means (31, 98) in response to th sensed 
humidity of the interior air. 
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2. A disc drive isolation syst a as In claim 1, 
wherein the enclosure {10) furth r conpris s h ating 
means (103) for heating the air within the nclosure 
and third temperature sensing means (TS-2) for control- 
ling the heating means, Bald third temperature sensing 
means (TS-2) actuating the heating means (103) when the 
sensed temperature falls below a heating temperature, 
said heating temperature being below the lower limit of 
the second temperature sensing means (TS-3, TS-4) . 

3. A disc drive isolation module for sequestering a 
disc drive device from vibration and shock applied to 
the exterior of the module, comprising: 

a structurally rigid outer body (38) of generally 
hexahedron shape having spaced apart top and bottom 
sides, spaced apart left and right sides, and spaced 
apart front and rear sides so that said outer body 
defines an inner space; 

a structurally rigid inner body (40) of generally 
hexahedron shape smaller than said outer body and 
having spaced apart top and bottom sides, spaced apart 
left and right sides, and spaced apart front and rear 
sides, the inner body fitting within the inner space 
defined by the outer body with the sides of the inner 
body spaced apart from the sides of the outer body; 

first biasing means (A3) connected between the top 
sides of the inner and outer bodies for suspending the 
inner body within the outer body; 

second biasing means (44) connected between the 
bottom sides of the Inner and outer bodies (38, 40) for 
supporting the inner body within the outer body; 

damping means (46) between the inner and outer 
bodies on the top, bottom, left, right, front and rear 
sides of the inner and outer bodies; and 

means (42) for rigidly mounting the disc drive 
within the inn r body. 
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4. A disc drive isolation aodul as in claim 3, 
wh rein th first biasing Beans comprise a pair of 
conical springs (43) and the second biasing means 
comprise another pair of conical springs (44), the 
springs of the first biasing means being diagonally 
opposed from the springs of the second biasing means. 

5. A disc drive isolation module as in claim 3 or 4 t 
wherein the damping means (46) comprise foam pads 
secured to the outer body (38), a pair of said foam pads 
being secured to each side of the outer body (32) diagon- 
ally opposite from the pads secured to the opposite side 
of the outer body, each of said pads having a varying 
cross section to impart non-linear stiffness character- 
istics to the pad. 

6. A disc drive isolation module as in anyone of the 
claims 3 to 5, wherein each of the inner and outer 
bodies (38, 40) comprises six identical plates (49) 
which are fastened together to form the respective inner 
and outer bodies, each said plate having a flat rectan- 
gular inner portion (50), two pairs of first ears (51) 
and two pairs of second ears (53), said ears being 
symmetrically disposed along the edges of the rectangular 
portion (50) vith each pair of first ears (51) being 
opposite from the other pair of first ears and with each 
pair of second ears (53) being opposite from the other 
pair of second ears, each ear (51, 53) having an outer 
and an inner hole (55, 56, 59, 60), the centers of the 
holes in each ear lying on a line which extends through 
the centers of the holes in the opposite ear, the ears 
(51, 53) of adjacent plates (49) being fastened together 
to form either the inner or the outer body, depending 
upon which holes in the ars are used to fast n the 

plat s (49) tog th r. 



7. A disc driv isolation module as in claim 6, 
wherein the ars (51 . 53) of ach plate (49) are formed 
in the same direction at approximately a 45° angle with 
the rectangular inner portion (50) and define open 
spaces between them so that air can circulate into and 
out of the inner body (40). 

8. A disc drive isolation module as in claim 6 or 7, 
wherein the holes (55, 56) in the first ears (51) are 
circular in shape and the holes (59, 60) in the second 
ears (53) are oblong in shape, the plates (49) being 
assembled together with the second ears (53) always 
overlapping the first ears (51 ) . 
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9- A disc driv is lation modul as In anyone f the 
claims 6 to 8, wh rein tn first biasing means comprls s 
a pair of conical springs (43) and the second biasing 
Beans comprises another pair of conical springs (44), the 
5 springs of the first biasing means being diagonally 

opposed from the springs of the second biasing means, the 
springs being mounted with their larger diameter ends 
adjacent to the outer body (38) and with their smaller 
diameter ends adjacent to the inner body (40), diagonal - 

10 ly opposite comers of the rectangular portion (50) of 
each plate (49) being provided with straps (63) which 
are formed inwardly to define a space between each strap 
and the rectangular portion (50), the straps (63) being 
arranged in a circular pattern having a diameter about 

15 equal to the diameter of the larger end coil of the 
springs, a relatively larger hole (65) formed at the 
center of said circular pattern and relatively smaller 
holes (67) formed at each of the other two comers of 
the rectangular portion (50) so that the larger end coil 

20 of a spring can be threaded through the spaces defined by 
the straps (63) and the smaller end coil of the spring 
can be fastened to the inner body (40) by inserting a 
suitable driver tool through the relatively larger hole 
(65) in the outer body (38) to connect a fastener in 

25 the adjacent relatively smaller hole (67) in the inner 
body (40). 
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10. A disc drive isolation module as in anyone of the 
claims 3 to 9 1 wherein the module is disposed in an 
enclosure (10) , said enclosure comprising: 

a chassis (12) defining a cavity (34) in which 
the disc drive isolation module (36) is disposed; 

cooling means (73) for cooling air within the 
cavity; 

fan means (31 ) for circulating air within the 
enclosure through the cooling means and into the cavity; 

a door (16) for closing the chassis cavity; 

thermal insulating means (26) lining the chassis 
and the door; 

sealing means (113) for sealing the interior of 
the enclosure and door from the exterior; 

first temperature sensing means (TS-1 ) mounted to 
the disc drive (41) for controlling the cooling means 
in response to the sensed temperature; 

second temperature sensing means (TS-3, TS-4) 
mounted to the disc drive (41) for controlling the disc 
drive in response to the sensed temperature; and 

humidity sensing means (33) within the enclosure 
(10) for controlling the cooling means and the fan 
means in response to the sensed humidity of the air 
within the enclosure. 
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